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1. BCS Response Functions

Here we give the explicit expressions for all the BCS response functions (the matrix
elements in equation (12) in the main text) used in our study. Below, u(k) and v(k) are the
coefficients of the BCS wave function:

|ΨBCS〉 = ∏
k

(
u(k) + v(k)ĉ†

k,↑ ĉ
†
−k,↓

)
|0〉 (S1)

and are given by:

u2(k) =
1
2

1 +
ξ(k)√

ξ(k)2 + ∆2
BCS

, v2(k) =
1
2

1− ξ(k)√
ξ(k)2 + ∆2

BCS

 (S2)

In the above:
ξ(k) = ε(k)− µBCS (S3)

We also define:
E(k) =

√
ξ(k)2 + ∆2

BCS (S4)

The GRPA calculation needs to be preceded by a standard BCS calculation to find µBCS and
∆BCS.

χ0
11(K, ω) =

1
V ∑

k

(
v?(k)u(k−K)v(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
− u(k + K)v?(k)u?(k + K)v(k)

ω− E(k + K)− E(−k) + i0+

)
(S5)

χ0
12(K, ω) =

1
V ∑

k

(
v(k−K)u?(k)v(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
− u(k + K)v?(k)u(k)v?(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S6)

χ0
13(K, ω) =

1
V ∑

k

(
u?(k)u(k−K)v(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
+

u(k + K)v?(k)v?(k + K)v(k)
ω− E(k + K)− E(−k) + i0+

)
(S7)

χ0
14(K, ω) =

1
V ∑

k

(
−v?(k)v(k−K)v(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
− u(k + K)v?(k)u?(k)u(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S8)
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χ0
21(K, ω) =

1
V ∑

k

(
v?(k)u(k−K)v?(k −K)u(k)
ω + E(k−K) + E(−k) + i0+

− u?(k)v(k + K)u?(k + K)v(k)
ω− E(k + K)− E(−k) + i0+

)
(S9)

χ0
22(K, ω) =

1
V ∑

k

(
v(k −K)u?(k)v?(k −K)u(k)
ω + E(k−K) + E(−k) + i0+

− u?(k)v(k + K)u(k)v?(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S10)

χ0
23(K, ω) =

1
V ∑

k

(
u?(k)u(k−K)v?(k −K)u(k)
ω + E(k−K) + E(−k) + i0+

+
u?(k)v(k + K)v?(k + K)v(k)
ω− E(k + K)− E(−k) + i0+

)
(S11)

χ0
24(K, ω) =

1
V ∑

k

(
−v?(k)v(k−K)v?(k −K)u(k)

ω + E(k−K) + E(−k) + i0+
− u?(k)v(k + K)u?(k)u(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S12)

χ0
31(K, ω) =

1
V ∑

k

(
v?(k)u(k−K)u(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
+

v(k + K)v?(k)u?(k + K)v(k)
ω− E(k + K)− E(−k) + i0+

)
(S13)

χ0
32(K, ω) =

1
V ∑

k

(
v(k−K)u?(k)u(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
+

v(k + K)v?(k)u(k)v?(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S14)

χ0
33(K, ω) =

1
V ∑

k

(
u?(k)u(k−K)u(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
− v(k + K)v?(k)v?(k + K)v(k)

ω− E(k + K)− E(−k) + i0+

)
(S15)

χ0
34(K, ω) =

1
V ∑

k

(
−v?(k)v(k−K)u(k)u?(k−K)

ω + E(k−K) + E(−k) + i0+
+

v(k + K)v?(k)u?(k)u(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S16)

χ0
41(K, ω) =

1
V ∑

k

(
−v?(k)u(k−K)v(k)v?(k−K)

ω + E(k−K) + E(−k) + i0+
− u(k)u?(k + K)u?(k + K)v(k)

ω− E(k + K)− E(−k) + i0+

)
(S17)

χ0
42(K, ω) =

1
V ∑

k

(
−v(k−K)u?(k)v(k)v?(k−K)

ω + E(k−K) + E(−k) + i0+
− u(k)u?(k + K)u(k)v?(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S18)
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χ0
43(K, ω) =

1
V ∑

k

(
−u?(k)u(k−K)v(k)v?(k−K)

ω + E(k−K) + E(−k) + i0+
+

u(k)u?(k + K)v?(k + K)v(k)
ω− E(k + K)− E(−k) + i0+

)
(S19)

χ0
44(K, ω) =

1
V ∑

k

(
v?(k)v(k−K)v(k)v?(k−K)

ω + E(k−K) + E(−k) + i0+
− u(k)u?(k + K)u?(k)u(k + K)

ω− E(k + K)− E(−k) + i0+

)
(S20)

If we assume that u, v ∈ R, then we have the following relations between the compo-
nents:

χ0
12 = χ0

21 = −χ0
34 = −χ0

43

χ0
13 = χ0

31

χ0
14 = χ0

41

χ0
23 = χ0

32

χ0
24 = χ0

42

(S21)
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